Because of their specific structure, rare earth elements are used for the modification or structural stabilization of many metallic or ceramic materials employed in modern technology and also in the metallic form, i.e. in alloys and compounds with unique properties. Industrial demand for rare earth metals has increased lately due to their new application possibilities, e.g. in supermagnets of the Nd-Fe-B type or in ceramic high-temperature superconductors. Equally, the application of rare earth elements in metallurgy, catalysis, ceramics, etc. remains of significant importance. The separation and purification of rare earth elements(III) which occur in groups with similar physicochemical properties involve extremely difficult and complex processes. Ion exchange is one method which enables such separation.
INTRODUCTION
Because rare earth elements occur in groups in Nature, and in a scattered form creating isomorphic mixtures which exhibit significant chemical similarity, their separation is extremely difficult. A diminishing cation radius with increasing atomic number, a prevailing +3 state of oxidation and preferences for interaction with hard, spherical, basic, donor atoms are the major factors responsible for difficulties in the separation of these elements (Soza / nski 1980). Ion-exchange chromatography has proved to be a basic method suitable for the production of high-purity rare earth elements. The process involves fractionation based on differences in complex stabilities and to a smaller extent on differences in their affinities towards polystyrene sulphone cation exchangers.
The functional groups of most common polystyrene sulphone cation exchangers are characterized by a limited ability to undergo complex formation as a result of which a 'normal' affinity series is observed for these ion exchangers where the determining factor for the association of a *Author to whom all correspondence should be addressed.
given ion is its charge, radius and degree of hydration (Minczewski et al. 1982; Dorfner 1991) . For rare earth elements(III), their affinity towards strongly acidic cation exchangers decreases with an increase in the radius of the hydrated ion (Boyd 1978) . It is impossible to separate rare earth elements on polystyrene sulphone cation exchangers without employing a complexing agent which forms complex compounds of differentiated stability due to small differences in the values of the separation coefficients. The use of such a complexing agent improves the process significantly.
The drawback in the use of ion-exchange separation for rare earth element mixtures on polystyrene sulphone cation exchangers is the lack of an universal eluent which would enable both the selective separation of light, intermediate and heavy lanthanides and their high concentration in the eluate.
Chelating ion exchangers are characterized by differentiated affinity and high selectivity towards rare earth elements(III) relative to polystyrene sulphone cation exchangers. Their properties depend mainly on the character of the functional group, and also on the grain size and other physical properties to a smaller extent. Sorption selectivity is affected mainly by the mutual position of the functional groups, their spatial configuration, etc., but not to such an extent on the properties of the matrix. The ion-exchange capacity depends on the number of these groups and pH of the solution. The disadvantage of such ion exchangers is their low rate of sorption.
Polyfunctional ion exchangers, e.g. Diphonix including phosphonic, sulphonic and carboxylic groups as well as Diphonix A with functional phosphonic and ammonium or pyridine groups, have been of significant interest lately (Horwitz et al. 1993; Nash et al. 1994; Chiarizia et al. 1995 Chiarizia et al. , 1996 Chiarizia et al. , 1997 . These ion exchangers are characterized by a high affinity towards uranium(VI), plutonium(IV), neptunium(IV), thorium(IV), americium(III) and europium(III), as well as for some transition elements. For example, the recovery coefficients for europium(III) from 1 M HNO 3 solution after a phase contact time of 0.5 h are: Diphonix, %R Eu III = 98.3; monofunctional phosphonic ion exchanger, %R Eu III = 32.8; sulphonic cation exchanger, %R Eu III = 44.9 (Ripperger and Alexandratos 1999) . As follows from the literature data, ion exchangers of the Diphonix type can be successfully applied in the purification of rare earth elements(III) from thorium(IV) and uranium(VI) (Horwitz et al. 1993; Nash et al. 1994; Chiarizia et al. 1995 Chiarizia et al. , 1996 Chiarizia et al. , 1997 Ripperger and Alexandratos 1999) .
Studies of ion chromatographic separation of rare earth elements using nitrilotriacetate (Inoue et al. 1996 ), iminodiacetate (Nesterenko and Jones 1997 , 1998 and lysine-N ,N -diacetate-type chelating resins (Yokoyama et al. 1993) as the stationary phase are of significant importance.
Moreover, polymer resins impregnated with liquid ion exchangers of various types have been applied for both the removal and separation of rare earth elements(III) (Wakui et al. 1988 ).
The formation of anion complexes by rare earth elements(III) allow their separation on anion exchangers. Strongly basic, polymeric anion exchangers containing trimethylammonium and dimethylhydroxyethylammonium functional groups have been widely applied in ion-exchange chromatography.
The advantages of using anion exchangers over cation exchangers for the separation of rare earth elements(III) using aminopolycarboxylic acids as complexing agents are the smaller amount necessary, the high rate of the process, the high concentrations in the eluate as well as the lack of negative effects arising from alkali metal(I), calcium(II), magnesium(II), etc. ions on the separation.
Addition of an organic solvent to aqueous solutions of rare earth element(III) complexes improves their separation abilities (Nash et al. 1994) . Both the choice of the organic component and its concentration in the mixture are optional and applicable values of the separation coefficients can be obtained over a wide range of such variables. The most frequently applied electrolytes are nitric acid(V) and hydrochloric acid as well as H 2 SO 4 , H 3 PO 4 , NH 4 NO 3 , LiNO 3 , NH 4 SCN, K 2 CO 3 , K 2 SO 4 or acetic acid.
The aim of the present work was to study the effect of the extent of crosslinking in the strongly basic anion exchanger Dowex 1 × 1-16 and the concentration of nitric acid on the effectiveness of separation of the Sm III -Nd III pair by frontal analysis in the 90% v/v CH 3 COCH 3 -10% v/v 7 M HNO 3 and 90% v/v CH 3 OH-10% v/v 7 M HNO 3 systems.
EXPERIMENTAL
Separation of nitrate complexes of samarium(III) from neodymium(III) (ca. 1%) on Dowex 1 of various degrees of crosslinking in the CH 3 COCH 3 -or CH 3 OH-H 2 O-0.1-7 M HNO 3 systems was investigated. The anion exchangers in the nitrate form were placed in a beaker for 24 h with the corresponding solutions of HNO 3 -polar organic solvent. Separation by frontal analysis was carried out at 22ºC in glass columns of 2-cm diameter filled with anion exchanger (50 cm 3 ). A solution of the rare earth elements was prepared by dissolving the corresponding oxide in a stoichiometric quantity of HNO 3 (1-2% excess) with heating. The resulting rare earth element nitrates were then dissolved in 90% v/v CH 3 COCH 3 -10% v/v 0.1-7 M HNO 3 or 90% v/v CH 3 OH-10% v/v 0.1-7 M HNO 3 . Rare earth element nitrate solutions of concentration ca. 5.23 g Ln 2 O 3 /dm 3 in the abovementioned systems were passed continuously through the columns at a flow rate of ca. 0.2 cm 3 / (cm 2 min). The eluate was collected as ca. 100 cm 3 volume fractions from which the rare earth element(III) oxalates were precipitated and converted to the oxides.
The percentage content of neodymium in samarium was determined spectrophotometrically using a Specord M 40 instrument (Zeiss, Germany). Determinations were made by means of a direct method using the neodymium absorption maximum at = 794.3 nm. The solutions of rare earth element(III) chlorides were found to have a concentration of ca. 0.5 g Ln 2 O 3 in 10 cm 3 2 M HCl solution. The detection limit for neodymium(III) in samarium(III) under these conditions was 0.001%.
RESULTS AND DISCUSSION
Results for the purification of samarium(III) from neodymium(III) in the aqueous-polar organic solvent-nitric acid media are presented in Tables 1-4. The concentrations of neodymium as a micro-component in the effluent are shown graphically in Figures 1-4 . The breakthrough curves make it possible to calculate the weight, , and bed, , distribution coefficients and the number of theoretical plates, N, from the following equations (Minczewski et al. 1982) : where = weight distribution coefficients; = bed distribution coefficients; N = number of theoretical plates; _ U = effluent volume (cm 3 ) at c = c 0 /2 (determined graphically); U 0 = dead volume (cm 3 ) in the column (6 cm 3 ); V = void (interparticle) resin bed volume (cm 3 ) which amounted to 0.4 of the resin bed volume; m j = dry resin weight (g); d z = bed volume (for Dowex 1 × 1 = 0.100 g/cm 3 , Dowex 1 × 2 = 0.180 g/cm 3 , Dowex 1 × 4 = 0.300 g/cm 3 , Dowex 1 × 8 = 0.450 g/cm 3 , Dowex 1 × 10 = 0.495 g/cm 3 , Dowex 1 × 16 = 0.600 g/cm 3 ); U = effluent volume at c = 0.159c 0 (determined graphically).
Samarium is one of a number of lanthanides that are indispensable for the production of modern materials and equipment. In the Chinese commercial method, it is obtained in a form contaminated with neodymium as a by-product from the production of neodymium using extraction with D2EHPA (Xiaowei et al. 1996) .
This paper presents the studies of the possibility of samarium(III) purification from neodymium(III) by frontal analysis in the acetone and methanol systems on the strongly basic anion exchanger Dowex 1 possessing various degrees of crosslinking. In terms of their applicability in the purification of samarium(III) from neodymium(III), the anion exchangers studied can be arranged as follows: . 1994, 1996) . The significant effect of anion-exchanger crosslinking on the effectiveness of rare earth elements(III) separation may be interpreted as due to the 'sieve effect', i.e. the partial exclusion of large complex ions of the type Ln(NO 3 ) n 3-n from the ion-exchange phase. From an economic point of view, the methanol system proved to be much the better. Using 1 dm 3 of the best anion exchanger (Dowex 1 × 4) in this case, over 100 g samarium(III) could be purified from a 1% admixture of neodymium(III), decreasing the micro-component content to below 10 -3 %. Moreover, this solvent can be used once more after recovery from eluates by distillation and the determination of its percentage water content. By using the best anion exchangers in a given system, the influence of nitric acid concentration on the separation effectiveness of the samarium(III)-neodymium(III) pair was also studied. The distinct effect of acid concentration was only observed in the acetone system where the results improved as the concentration increased. However, in the methanol system, only in the case of 90% v/v CH 3 OH-10% v/v 0.1 M HNO 3 was the effectiveness of Sm III separation from Nd III much lower. In the other cases studied, 100-110 g samarium(III) could be purified from neodymium(III) on 1 dm 3 anion exchanger. 
For the 90% v/v CH 3 COCH 3 -10% v/v 7 M HNO 3 system

CONCLUSIONS
The most effective results were obtained using the 90% v/v CH 3 OH-10% v/v 7 M HNO 3 system in conjunction with the Dowex 1 × 4 anion exchanger when 0.11 kg samarium(III) could be purified on 1 dm 3 ion exchanger in the nitrate form, enabling a decrease in the micro-component content to a value below 10 -3 %.
Its considerable effectiveness and simple regeneration as well as the low costs of the ionexchange purification of samarium(III) from neodymium(III) suggest its applicability in the preparation of samarium(III) on a macro scale. 
